Plain Language Summary {#S0001}
======================

The cost of hospitalizations for acute exacerbation chronic obstructive pulmonary disease (AECOPD) is an economic burden for countries worldwide. The reasons for the trends of increasing expenditures have not been analyzed collectively.After analyzing a large-scale sample of all AECOPD admissions in Beijing, China, the study finds that the mean per admission expenditures increased from 19,760 (\$2,893) in 2009 to 20,118 CNY (\$2,980) in 2017, and the per capita expenditures increased from 23,716 CNY (\$3,472) in 2009 to 31,000 CNY (\$4,538) in 2017. The increasing share of the aging population and increasing number of admissions are critical factors causing the increase in hospitalization costs.The annual growth rate of inpatient expenditures per capita for AECOPD patients was 1.7%. 93.5% of this is attributed to the increased number of admissions and only 6.5% is attributed to increased expenditures per admission.The mean length of stay decreased from 16.0 days to 13.5 days. Age, gender, COPD type, length of stay, and hospital level were all associated with medical costs.

Introduction {#S0002}
============

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity, mortality, and escalation of health care costs worldwide.[@CIT0001] In China, COPD was the third leading cause of death, with an average of 68 deaths per 100,000 population, in 2017.[@CIT0002] The prevalence of spirometry-defined COPD in China has increased rapidly in the past decade. Between 2012--2015, this was especially prevalent among adults ages 40 years and older with an increase of 5.5% from the 2002--04 survey.[@CIT0003],[@CIT0004] Due to continued exposure to COPD risk factors such as smoking, air pollution, and aging of the population, the global burden of COPD is expected to increase even further in the coming years.

Some individuals with COPD experience at least one exacerbation per year, an outcome that is often associated with COPD progression and prognosis, repeated utilization of health care services, impaired quality of life, and mortality.[@CIT0005]--[@CIT0007] Hospitalization expenditures for acute exacerbations impart a substantial economic burden on individuals and society. Many studies have quantified the direct costs of COPD and analyzed the factors contributing to its expenses.[@CIT0008]--[@CIT0017] But there is limited research on hospitalization expenditures for AECOPD, especially in China and other developing countries, which bear the greatest burden.

Over the past few decades in China, several policies have been implemented by the government to control the number of hospitalizations due to AECOPD, such as the improvement of clinical guidelines to ensure proper care for patients with COPD.[@CIT0018],[@CIT0019] However, the pattern of hospitalization expenditures over time and the determinant factors for patients with AECOPD remain unclear. To address this gap, this study analyzes the hospitalization costs for AECOPD patients in Beijing, China. We investigate the trend of expenditures over an eight-year period and explore the risk factors that affect its changes.

Materials and Methods {#S0003}
=====================

Data {#S0003-S2001}
----

The data was obtained from a large-scale hospital discharge database maintained by the Beijing Public Health Information Center (BPHIC). The center is administered by the government, and all the hospitals in Beijing are required to submit information on the first page of a standardized discharge record to its database. Our data set was retrieved from the discharge database. It included all inpatient records for patients with AECOPD who were admitted by secondary or tertiary hospitals in Beijing from January 1, 2009 to December 31, 2017. The data we obtained include patients' demographics, hospital, date of admission, length of stay (LOS), expenditures, and primary discharge diagnosis. Following the literature,[@CIT0020] patients who were younger than 18 were excluded from the sample. Early onset COPD may occur if certain conditions or risk factors are present or if severe early-life conditions have limited lung development, but these conditions are rare. It is possible that many younger patients with "COPD" in this sample have alternative diagnoses. In addition, cases were excluded if they had missing data or the overall inpatient expenditures were less than 500 Chinese yuan (CNY). According to these criteria, about 5% of the observations were excluded from the analysis, and the study included 315,116 admissions (159,368 patients).

The present study was approved by the Research Ethics Board of Beijing Chaoyang Hospital (2018-ke-303). The data was de-identified by the BPHIC before analysis, and patients could not be identified at the individual level. Given the anonymous and mandatory nature of the data, informed consent was neither required nor necessary.

The sample consists of patients with a primary discharge diagnosis of AECOPD (ICD-10 codes:[@CIT0021] J40-J44). Patients with secondary or tertiary diagnosis of AECOPD were not included, as it was possible that those patients were in a stable stage of AECOPD and were admitted for treating other comorbidities (hypertension, diabetes, cardiovascular disease, or cerebrovascular disease). Enrolled cases were classified into four types for sub-disease analysis: bronchitis (J40, J41, J40xx01-J40xx03, J41.101, J41.801, J42xx01-J42xx06, J44.801-J44.802), emphysema (J43.002, J43.101, J43.102, J43.201, J43.801, J43.901- J43.905), bulla (J43.902, J43.906), and otherwise unclassified COPD (J44.003, J44.101, J44.901- J44.905).

Our analysis focuses on overall inpatient expenditures, including all services, tests, examinations, and medical materials received in the hospital, such as physician charges, medications, and procedures. The categories are classified by the BPHIC according to standardized criteria, and categorized expenditures are provided in the data set. The total expenditures contain out-of-pocket amounts and costs reimbursed by health insurance. Two key outcomes are assessed based on calendar year data: (1) expenditures per admission, and (2) annual expenditures per person/annual expenditures per capita. We believe that the second measure provides a better description of the financial burden for patients with COPD, since many patients experience multiple admissions. All expenditures have been adjusted to 2017 CNY using the annual Consumer Price Index. Since drug costs in China have been a significant point of interest for researchers and policy makers, we broke down annual expenditures into drug and non-drug expenses and examined the trend in the proportion attributed to the drug costs. Drug expenses include all medications given to patients during their hospital stays.

Statistical Analysis {#S0003-S2002}
--------------------

Descriptive statistics are presented as the mean ± standard deviation, median, and interquartile range for continuous variables and frequencies for categorical variables. The mean expenditures are calculated per admission and mean annual expenditures for each year. The trends in expenditures are compared by age (18--39, 40--59, 60--69, 70--79, and ≥ 80 years), gender (male and female), disease type (bronchitis, emphysema, bulla, and COPD), and hospital level (secondary and tertiary). To analyze the time trends for characteristics of admissions, poisson regression is used for admission numbers, logistic regression for gender and hospital level, multinomial logit regression for age and disease type, the Kruskal--Wallis test for LOS, and linear regression for the share of drug costs. Multivariable linear regression analysis is conducted to determine contributing factors and examine how they vary between per admission and per capita expenditures, controlling for all other determinants. Statistical analysis is performed using Stata 14.0. Statistical significance is set at \<0.05 for a two-tailed test.

Results {#S0004}
=======

The characteristics of inpatients with AECOPD from 2009 to 2017 are shown in [Table 1](#T0001){ref-type="table"}. Admissions for AECOPD increased from 2009 to 2014 and proceeded to decline in subsequent years. The majority of the patients were male, and the proportion of males increased over the study period (58.8% in 2009 and 68.8% in 2017, *P* trend \< 0.001). Majority were also over 70 years of age, and the aging trend intensified over time (*P* trend = 0.003). The proportion of patients ages ≥ 80 years increased from 32.4% in 2009 to 41.3% in 2017. We believe that the pattern of AECOPD patients relates to the aging population in general, as the proportion of people ages ≥ 80 years in Beijing increased from 1.8% in 2009 to 2.6% in 2017. The proportion of patients diagnosed with COPD was higher than that of the three other sub-diseases, and increased significantly over time (68.4% in 2009 and 84.7% in 2017, *P* trend \< 0.001). Over two-thirds of the admissions were at tertiary hospitals and the proportion did not change significantly during the study period (P trend = 0.324). The mean LOS decreased significantly at an annual rate of 1.1% (except for a slight increase in 2014; P trend \< 0.001). Over the study period, the share of drug costs in total expenditures dropped from 52.9% to 39.4% (P trend \< 0.001).Table 1Characteristics of Admissions for Acute Exacerbations of Chronic Obstructive Pulmonary Disease (AECOPD) in Beijing from 2009 to 2017200920102011201220132014201520162017PNumber25,43329,16330,15135,82540,42345,44234,84437,17936,656\<0.001^c^Gender, n (%)Male14,94617,23517,83821,79425,13029,56723,17025,27925,214\<0.001^d^58.8%59.1%59.2%60.8%62.2%65.1%66.5%68.0%68.8%Female10,48711,92812,31314,03115,29315,87511,67411,90011,44241.2%40.9%40.8%39.2%37.8%34.9%33.5%32.0%31.2%Age, n (%)18\~39 yrs3403663453924144053614384040.003^e^1.3%1.3%1.1%1.1%1.0%0.9%1.0%1.20%1.1%40\~59 yrs2,2472,3512,4133,0103,7344,4703,0912,9612,8008.8%8.1%8.0%8.4%9.2%9.8%8.9%8.0%7.6%60\~69 yrs3,6964,0574,1845,1976,2948,0716,7607,7367,96914.5%13.9%13.9%14.5%15.6%17.8%19.4%20.8%21.7%70\~79 yrs10,89711,92311,76113,26213,68414,33110,56610,94010,35542.8%40.9%39.0%37.0%33.9%31.5%30.3%29.4%28.2%≥80 yrs8,25310,46611,44813,96416,29718,16514,06615,10415,12832.4%35.9%38.0%39.0%40.3%40.0%40.4%40.6%41.3%Disease type,^a^ n (%)Emphysema228220134152153139115147154\<0.001^e^0.9%0.8%0.4%0.4%0.4%0.3%0.3%0.4%0.4%Bull^a^2743293243613703834014173801.1%1.1%1.1%1.0%0.9%0.8%1.2%1.1%1.0%Bronchitis7,5238,0237,6058,3788,75310,9665,4755,5555,06229.6%27.5%25.2%23.4%21.7%24.1%15.7%14.9%13.8%COPD17,40820,59122,08826,93431,14733,95428,85331,06031,06068.4%70.6%73.3%75.2%77.1%74.7%82.8%83.5%84.7%Hospital level, n (%)Level 2 (secondary)7,3968,7399,21411,15712,32614,13510,52111,11710,7080.324^d^29.1%30.0%30.6%31.1%30.5%31.1%30.2%29.9%29.2%Level 3 (tertiary)18,03720,42420,93724,66828,09731,30724,32326,06225,94870.9%70.0%69.4%68.9%69.5%68.9%69.8%70.1%70.8%Mean of LOS (days)16.015.915.414.514.114.314.013.813.5\<0.001^f^Proportion of drug cost^b^ (%)52.9%52.3%48.8%48.1%47.2%46.7%45.5%45.8%39.4%\<0.001^g^[^1]

In 2009, mean expenditures per admission were 19,760 CNY, which was greater than the median of 13,046 CNY ([Table 2](#T0002){ref-type="table"}). Expenditures increased at an average annual growth rate of 0.11%, indicating no significant increase over time (P trend = 0.697). As the standard deviation of expenditures decreased, so did the 99th percentile expenditures, which could be the result of decreased expenditures among the highest paying patients and increased expenditures among the lowest paying patients.Table 2Hospitalization Costs (CNY) per Admission for Patients with Acute Exacerbations of Chronic Obstructive Pulmonary Disease (AECOPD) in Beijing (2009--2017, n = 315,116)YearNMeanMedianP25P75P99SD*P*^a^200925,43319,76013,0468,14621,526126,46231,3990.697201029,16321,22013,8128,82022,326141,20740,993201130,15120,15413,3038,74420,855133,97234,290201235,82519,83513,5618,97421,183127,19729,743201340,42319,68413,8339,38621,546109,31027,706201445,44219,93513,9649,71521,447114,76127,190201534,84420,57114,90810,30022,615109,33624,365201637,17920,56714,99510,49823,256104,09222,816201736,65620,11814,84310,52622,632101,66621,550[^2]

Some similar patterns are noted for annual expenditures per patient ([Table 3](#T0003){ref-type="table"}). The mean per capita expenditure was 21,190 CNY in 2009, which was greater than the mean per admission expenditure. The annual growth rate of mean expenditure per capita was 1.7%, which was more than 15 times the mean expenditure per admission. The cause of the difference between the two indicators was a progressive increase in the annual number of admissions for AECOPD (from 1.2 times in 2009 to 1.5 times in 2017 ([Figure 1](#F0001){ref-type="fig"})). Of the increase in per capita expenditure, 93.5% is attributable to the increase in the number of admissions, and only 6.5% is attributable to the increase in expenditures per admission ([Table 4](#T0004){ref-type="table"}). The increased number of admissions was likely driven by increased readmissions for a small group of patients, as the fraction of patients with four or more admissions per year increased from 1.5% in 2009 to 5.4% in 2017 ([Figure 2](#F0002){ref-type="fig"}). The standard deviation of the 99th percentile expenditures also increased over time, reflecting different patterns compared with those for per admission expenditures.Table 3Hospitalization Costs (CNY) per Capita for Patients with Acute Exacerbations of Chronic Obstructive Pulmonary Disease (AECOPD) in Beijing (2009--2017)YearNMeanMedianP25P75P99SD*P*^a^200921,19023,71613,5898,22524,42017,577040,942\<0.001201023,65226,16514,5658,98326,05219,649553,238201123,86325,46414,1998,96625,12520,878550,617201227,30126,02814,6389,30725,76119,930349,470201328,64227,78015,3359,74927,37520,875355,251201430,41129,78816,38410,23729,52421,980356,879201523,25730,82016,90510,43530,89223,689151,010201624,58831,09917,58710,90531,61622,572449,140201723,78831,00017,54211,10631,42421,776449,695[^3] Table 4Contribution of Increased per Admission Expenditures and Number of Admissions to Increased per Capita Expenditures Based on Their Annual Growth Rate for AECOPD Hospitalizations in Beijing (2009--2017)Per capita ExpendituresNumber of AdmissionsPer admission ExpendituresAnnual growth rate (%)1.71.60.1Contribution^a^ (%)--93.56.5[^4][^5] Figure 1Annual average number of admissions per capita.Figure 2Distribution of the number of admissions per person per year.

We compare the temporal trends in per admission and per capita expenditures by subgroups, and the corresponding results are displayed in [Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}, respectively. As shown in [Figure 3A](#F0003){ref-type="fig"}, per admission expenditures for men were higher than those for women from 2009 to 2013, and close to or slightly less than those for women in subsequent years. The decrease in the size of the spending gap between men and women patients was the result of decreased spending for men and increased spending for women. Although expenditures per admission decreased for men, it is likely that the number of admissions increased for men after 2013 and the difference in per capita expenditures between men and women remained stable ([Figure 4A](#F0004){ref-type="fig"}). Annual per capita expenditures among patients ages ≥ 80 years, were much higher than those of other age groups and remained stable ([Figure 4B](#F0004){ref-type="fig"}). However, per admission expenditures increased among patients ages 18--39 years over the sample period ([Figure 3B](#F0003){ref-type="fig"}). It is possible that young adults' health conditions worsened for various reasons, such as air pollution or high levels of pressure in the workplace. Among the four types of diseases, patients with bulla had the highest per admission expenditures, followed by emphysema, COPD, and bronchitis. Patients with bulla experienced the most rapid increase in expenditures ([Figure 3C](#F0003){ref-type="fig"}) because those patients were more likely to receive lung volume reduction procedures. Their expenditures were higher than those of the patients in the other disease categories. The trends were mostly similar for per capita expenditures, but COPD had the second highest per capita, which increased by 30.3% ([Figure 4C](#F0004){ref-type="fig"}). For patients that were admitted to tertiary hospitals, the per admission and per capita expenditures were higher than those of patients admitted to secondary hospitals ([Figures 3D](#F0003){ref-type="fig"} and [4D](#F0003){ref-type="fig"}). Compared with secondary hospitals, tertiary hospitals are more comprehensive and usually admit patients with more severe conditions. Per capita expenditures for tertiary hospitals have continued to increase since 2012 ([Figure 4D](#F0004){ref-type="fig"}). The difference in per admission costs between tertiary and secondary hospitals narrowed and remained stable after 2012 ([Figure 3D](#F0003){ref-type="fig"}).Figure 3Expenditures per admission from 2009 to 2017. (**A**) Gender-specific expenditures per admission. (**B**) Age-specific expenditures per admission. (**C**) Disease type--specific expenditures per admission. (**D**) Hospital level--specific expenditures per admission.Figure 4Annual expenditures per capita from 2009 to 2017. (**A**) Gender-specific annual expenditures per capita. (**B**) Age-specific annual expenditures per capita. (**C**) Disease type--specific annual expenditures per capita. (**D**) Hospital level--specific annual expenditures per capita.

The results of the multivariate regression analysis are shown in [Table 5](#T0005){ref-type="table"}. Consistent with the descriptive evidence, the findings are that being male, being elderly, having bulla, being treated at a tertiary hospital, and having a longer inpatient stay are all associated with increased per admission expenditures. Similar patterns are seen for increased per capita expenditures, which are also significantly associated with the number of admissions.Table 5Contributing Factors to per Admission Expenditures and per Capita Expenditures for AECOPD Hospitalizations in Beijing (2009--2017)FactorPer admission Expenditures (× 1000 CNY)Per capita Expenditures (× 1000 CNY)β (95% CI)*P*β (95% CI)*P*Gender (female = 0)0.203 (0.026, 0.381)0.0251.048 (0.718, 1.378)\<0.001Hospital level (level 2 = 0) Level 35.218 (5.034, 5.402)\<0.0017.195 (6.847, 7.544)\<0.001Age, years (18\~30 = 0) 40\~59−1.060 (2.042, −0.077)0.025−1.593 (−3.212, 0.027)0.054 60\~69−0.875 (−1.854, 0.105)0.080−1.422 (−3.038, 0.195)0.085 70\~792.477 (1.505, 3.449)\<0.0012.951 (1.351, 4.550)\<0.001 ≥ 805.760 (4.788, 6.731)\<0.0018.090 (6.491, 9.689)\<0.001Disease type (bronchitis = 0) COPD2.559 (2.349, 2.768)\<0.0012.692 (2.311, 3.074)\<0.001 Emphysema9.140 (7.849, 10.430)\<0.0019.198 (7.044, 11.352)\<0.001 Bulla18.641 (17.654, 19.629)\<0.00118.496 (16.861, 20.130)\<0.001Length of stay (days)1.008 (1.002, 1.014)\<0.0011.084 (1.074, 1.094)\<0.001Number of admissions20.29 (20.165, 20.414)\<0.001[^6][^7]

Discussion {#S0005}
==========

Hospitalization Costs {#S0005-S2001}
---------------------

There has been a lack of literature using national or citywide long-term data, to analyze annual hospitalization costs for AECOPD in China. Some studies have provided limited evidence based on smaller samples from a few hospitals or communities.[@CIT0014],[@CIT0015] However, our study is the first to use the full sample of AECOPD patients admitted to secondary and tertiary hospitals in one of the largest cities in China. We find that the mean (standard deviation) of inpatient expenditures per admission for AECOPD was 17,862 CNY (30391 CNY) in 2011. The expenditures were then deflated at the 2011 level, to make comparisons with other studies. This level of expenditures is higher than those reported in a cross-sectional study of four cities in China in 2011, which finds expenditures of 6,120 CNY (17,755 CNY) in Beijing, 3,938 CNY (8,318 CNY) in Guangzhou, 3,171 CNY (5,644 CNY) in Shanghai, and 5,001 CNY (7,824 CNY) in Chengdu.[@CIT0015] The difference is because the samples in the other study include comprehensive (or tertiary) hospitals and community health centers. The latter only admit patients without severe conditions and usually have a lower level of expenditures. In contrast, a study that uses data from a tertiary hospital in Guangzhou, reports higher hospitalization costs, at 24,373 CNY (44,174 CNY) in 2016.[@CIT0014] Our estimate for 2016 is 20,243 CNY (22,457 CNY), with expenditures adjusted to 2016 CNY. If we restrict the samples to patients in tertiary hospitals, the per admission expenditures that were 21,574 (23,969) CNY in 2016, become closer to the estimates in Guangzhou.

The reduction in hospital expenditures may have effects on overall medical expenditures as well. Care for COPD and exacerbations may be delivered in many settings, from inpatient stays to clinics or nursing care. A reduction in inpatient care may result in patients being transferred to outpatient care or nursing care. However, due to data limitations, we cannot investigate the patterns in outpatient visits or expenditures. Other than public hospitals in Beijing, few medical institutions are available to provide nursing care for patients who are readmitted repeatedly, so the impact of transferring patients is expected to be small.

Various studies find wide variability in hospitalization costs in different countries. The mean hospitalization costs for AECOPD per capita were \$38,455 in the United State in 2010,[@CIT0020] \$1765 in Turkey between 2010 and 2011,[@CIT0016] \$1593 in Sweden in 2013,[@CIT0010] \$2150 in Italy between 2008 and 2012,[@CIT0017] and \$921 in Greece in 2015.[@CIT0022] Such variations across countries can be attributed to differences in health care systems, insurance coverage, geographical conditions, population income, and treatment patterns, and so forth. Compared with these results, our estimations of the annual hospitalization costs in Beijing are relatively high. There are several potential reasons for this. First, our sample is from Beijing, where the population is richer and has higher ability to pay. Also, medical pricing may not set the appropriate incentives for physicians and hospitals to save costs. An example is that the price of magnetic resonance imaging technology is high, and it may be overused in practice. Another reason is that the LOS for patients in China with AECOPD is longer than that in many other countries. Our admissions data exclude primary hospitals and community health centers. Therefore, the data represents patients with relatively worse health statuses and higher expenditures. We would like to emphasize that the diagnosis criteria is different across studies, so the value of comparisons may be limited.

Trend and Multivariate Analysis {#S0005-S2002}
-------------------------------

Although we find significantly increasing trends in annual per capita expenditures, we do not find the same trend in per admission expenditures. The annual growth rate of per capita expenditures was more than 15 times than of per admission expenditures. These differences are mainly due to the increase in the number of admissions ([Figure 1](#F0001){ref-type="fig"}), which in turn contributed to the increase in per capita expenditures (93.5%). The increase in the number of admissions over time may have been driven by various factors, although we cannot identify them due to data limitations. Health conditions of the population became worse in general, so the demand for health care increased. People's incomes increased over time, so their ability to pay for health care increased and they faced less financial constraint. Along with that, health care reform increased readmissions. In 2009, the government in China initiated a new wave of health care reform in an attempt to control the increasing medical costs. Since then, several policies have been implemented in Beijing, such as the introduction of the Essential Drug List, elimination of profits on drug sales, and reform of the insurance payment system. Our results suggest that per admission expenditures were overall controlled. However, the quality of care may have been affected and hence readmission rates increased. The government should consider policies to control total costs, such as supervising readmissions or improving the management of patients with COPD at stable stage. Due to the rapid increases in the number of admissions, per capita expenditures and the financial burden on patients increased. The increased per capita income and generosity of insurance reimbursement, may also account for the increases in per capita expenditures.

The two indicators show that there were different trends by age, gender, and disease type. Although male patients generally bore higher costs, per admission expenditures among female patients began to increase in 2012 and even exceeded those among male patients in 2017 ([Figure 3A](#F0003){ref-type="fig"}). We also find that the elderly generally had a higher economic burden due to their conditions and had more hospitalizations for acute exacerbations ([Figures 3B](#F0003){ref-type="fig"} and [4B](#F0004){ref-type="fig"}). Our analysis is the first to report age and gender-specific effects on the increase in expenditures in China that were consistent with previous findings in other countries.[@CIT0013],[@CIT0016],[@CIT0024],[@CIT0025] Due to competing health priorities, most previous studies primarily focused on hospitalization costs among patients older than 60 years of age, and less so on patients younger than 40 years. Our analysis of the adult population of all ages provides a broader view of the spending patterns of various subgroups.

The multivariate analysis shows that the relationship persisted between increasing expenditures and the introductory contributing factors. Similar findings have been found in previous studies.[@CIT0012]--[@CIT0015],[@CIT0024]--[@CIT0026] After multivariate adjustment, the regression analyses show that gender-specific effects on per capita expenditures were apparently larger than those on per admission expenditures ([Table 5](#T0005){ref-type="table"}).

We also found significantly decreased trends for LOS and the proportion of drug costs in total expenditures. We believe that the trends were mainly driven by health care reform. The insurance payment reform may have changed hospitals' incentives, but reducing LOS is one effective way to control costs. Also, eliminating profits on drug sales decreased drug prices and expenditures. A consistent finding across countries is the association between increased LOS and hospitalization costs.[@CIT0020],[@CIT0027],[@CIT0028] However, our findings show a declining trend in mean LOS and an increasing trend in per capita expenditures. This suggests that shortening LOS does not necessarily reduce hospitalization costs (especially not per capita expenditures) due to the increased number of admissions. The proportion of drug costs in total expenditures decreased during the course of the study, yet this did not result in a reduction in hospitalization costs. These changes occurred during the same period as the implementation of China's health care reform of 2009.[@CIT0023],[@CIT0029] This suggests that the health care reform policy that restricted the maximum proportion of drug costs and LOS, did not reduce the direct economic burden of AECOPD due to the simultaneous increase in the frequency of admissions.

Strengths and Limitations {#S0005-S2003}
-------------------------

This study has several important strengths. We used citywide data for a wide range of ages to determine nine-year trends in hospitalization costs. Given that COPD is a chronic disease characterized by multiple acute exacerbations requiring hospitalization, we identified per capita expenditures as a better index than per admission expenditures due to the former's reflection of the increased direct burden of the number of admissions. To the best of our knowledge, this is the first study to assess per admission and per capita expenditures in China and outline their distinct temporal trends and contributing factors. Our longitudinal data from 2009 to 2017 made it possible to assess the impact of China's health care reform of 2009[@CIT0023],[@CIT0029] on the patterns of hospitalization costs over time and related factors, such as LOS and the proportion of drug costs.

The study has several data limitations. Our database did not allow us to explore the potential effects of some information on hospitalization costs, such as income and insurance, the severity of the exacerbations, comorbidity, pharmacologic treatments, or use of mechanical ventilation. Also, our data for each patient included a single variable on the total reimbursed expenditures. Details such as reimbursement by service categories were not available. The data was collected in only one city, therefore our results and conclusions may not be generalizable to other regions in China. The data also did not include pulmonary function tests to confirm that the patients actually had correct diagnosis of COPD. There was no information available on the use of specific classes of COPD medications that are known to reduce the risk of exacerbation, which could in turn influence hospitalizations and their costs.

Conclusion {#S0006}
==========

The findings of the study indicate significantly increasing trends in inpatient per capita expenditures in Beijing, China, from 2009 to 2017, despite the decline in LOS and the proportion of drug costs. These changes in LOS and drug costs embody the effectiveness of China's health care reform of 2009. Future strategies to reduce hospitalizations and especially readmissions of COPD patients are needed.
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[^1]: **Notes:** ^a^Disease types: All patients with AECOPD were subdivided into four types according to ICD-10 codes for AECOPD. ^b^Drug cost includes costs for Western medicine and Chinese traditional medicine. ^c^*P*-value for time trend estimated using Poisson regression. ^d^*P*-value for time trend estimated using logistic regression. ^e^*P*-value for time trend estimated using multinomial logit regression. ^f^*P*-value of the Kruskal--Wallis test comparing LOS in different year groups. ^g^*P*-value for time trend estimated using linear regression.

    **Abbreviations:** COPD, chronic obstructive pulmonary disease; LOS: length of stay.

[^2]: **Notes:** ^a^*P*-value for time trend estimated using linear regression. All costs shown are adjusted for the increment of inflation in 2017.

    **Abbreviations:** CNY, Chinese yuan; P25, 25th percentile; P50, 50th percentile; P75, 75th percentile; P99, 99th percentile; SD, standard deviation.

[^3]: **Notes:** ^a^*P*-value for time trend estimated using linear regression. CNY: Chinese yuan. All costs shown are adjusted for the increment of inflation in 2017.

    **Abbreviations:** P25, 25th percentile; P50, 50th percentile; P75, 75th percentile; P99, 99th percentile; SD, standard deviation.

[^4]: **Notes:** ^a^Contributions were calculated by the annual growth rate of per admission expenditures or the number of admissions divided by the annual growth rate of per admission expenditures × 100%.

[^5]: **Abbreviation:** AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

[^6]: **Notes:** Adjusted for year fixed effects in the multivariable linear regression model.

[^7]: **Abbreviations:** AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CI, confidence interval; CNY, Chinese yuan.
